Myeloperoxidase (MPO) is a pro-oxidant enzyme contained in and released by neutrophils during degranulation or after lysis. Post-thaw semen contains MPO and its concentration is associated with decreased sperm motility. Recently, MPO concentration in post-thaw semen was shown to be associated with the presence of non-sperm cells (NSC). The objective of this study was to evaluate the effect of a single-layer colloidal centrifugation before cryopreservation on NSC and MPO concentrations in equine semen. The experimental design consisted of freezing semen with or without previous centrifugation through two concentrations of single-layer colloid media. Non-sperm cells and MPO concentrations were assessed in pellet and upper layer at each step of the procedure and MPO was detected in cells by immunocytochemistry. Single-layer colloid centrifugation decreased NSC and MPO concentrations in post-thaw semen. The MPO concentration was correlated with concentration of NSC in the upper layer of the supernatant. In post-thaw semen, with or without previous single-layer colloid centrifugation, MPO concentration was correlated with concentration of NSC. Overall, neutrophils were rarely observed and NSC were mainly epithelial cells or cellular debris, as demonstrated by MPO immunocytochemistry. At all steps of the semen processing and cryopreservation, MPO immunostaining was clearly identified only on NSC. In conclusion, our study shows that NSC present in fresh semen release MPO during freezing.
Introduction
Veterinary and human studies have focused on the impact of oxidation and reactive oxygen species (ROS) on spermatozoa [1, 2] . Although the presence of ROS has been shown to be necessary for capacitation and acrosome reaction in bovine sperm [2] , an high ROS concentration is known to be deleterious for spermatozoa motility [3, 4] . Several studies in humans [5] [6] [7] and horses [8] have demonstrated an association between ROS and neutrophils in semen. During freezing, when neutrophils are present in the medium, ROS concentrations dramatically increase, even in absence of spermatozoa [7] . Decreased sperm motility and increased ROS concentrations have been observed after incubation of horse semen with neutrophils [8] .
Myeloperoxidase (MPO) is an enzyme released by neutrophils during degranulation or lysis [9, 10] . This peroxidase enzyme catalyzes the reaction of hydrogen peroxide (H 2 O 2 ) and chlorine ions to form hypochlorous acid, an highly oxidant agent [10, 11] . Since its purification [12] and the development of an ELISA [9] , MPO has been studied in many pathologic pathways [13, 14] . Myeloperoxidase is present in post-thaw equine semen and its concentration is higher in poor-quality semen [15, 16] . Implication of non-sperm cells (NSC) in MPO release during freezing has recently been suggested [15, 17] , but they have not been separated from spermatozoa to assay their MPO content.
Use of single-layer colloid (SLC) centrifugation in silanecoated silica particles solution improved semen quality traits by selecting normal, motile spermatozoa and by decreasing bacterial concentrations [18, 19] . However, to our knowledge, little is known about effect of centrifugation on NSC concentration.
The objective of this study was to evaluate the effect of SLC centrifugation before cryopreservation on NSC and MPO concentrations in equine semen.
Materials and methods

Animals
Five healthy, sexually active Quarter Horse stallions with ages ranging from 3 to 19 years were used in the study. The stallions were housed in individual stalls and given daily paddock exercise. They were fed hay and commercial feed to maintain good body condition. Semen was collected every other day over a 2-week period on a phantom using a Missouri-style artificial vagina. The number of mounting attempts to obtain an ejaculation was recorded. For each stallion, four ejaculates were processed and analyzed.
Semen evaluation
Sperm concentration and percentage of sperm with intact plasma membranes were determined using a NucleoCounter SP-100 (Chemometec, Allerod, Denmark) [20] in fresh and post-thaw semen. Total and progressive sperm motility were determined by computerized analysis (CASA; IVOS Version 12.0, Hamilton Thorn Research, Beverly, MA, USA), as previously described [21] . Percent of abnormal sperm forms was obtained by examining 200 spermatozoa after Diff-Quick (RAL, Martillac, France) staining using a light microscopy at an original magnification of Â100. The NSC were also quantified and were categorized as epithelial cells, cellular debris, neutrophils, or others leukocytes (macrophages or lymphocytes) by reading the entire slide's width in three different places. Samples were diluted in formol (v/v dilution) for determining NSC concentration (millions per milliliter) using hemocytometer chambers and phase contrast microscopy at an original magnification of Â100.
Semen processing
A flow chart describing semen processing and sampling is presented in Figure 1 . After semen collection, gel was filtered and its volume was subjectively graded from 1 (nearly no gel) to 4 (a large amount of gel). Three aliquots of semen containing 750 Â 10 6 spermatozoa were pipetted into three glass nipple-bottom tubes [21] and topped with semen extender (INRA96; IMV, L'Aigle, France) to obtain a total volume of 25 mL. Thirty microliters of cushion medium (Maxifreeze; IMV*) were gently deposited in the bottom of the nipple tube [21] and the extended semen was then centrifuged (400 Â g for 20 min). Spermatozoa recovery rate after cushioned centrifugation and NSC recovery rate were calculated respectively as total sperm number post-centrifugation/total sperm number in tube and total NSC number post-centrifugation/total NSC number in tube. After centrifugation, supernatant was removed and stored frozen at À80 C until MPO concentration assay using ELISA (ELISA-F).
One of the three pellets was directly subjected to cryopreservation using the freezing methods described below. The two other pellets were resuspended in 2.2 mL of INRA 96 extender to obtain a sperm concentration of approximately 300 Â 10 6 spermatozoa/mL. The concentration of NSC in the resuspended sperm pellets was determined. One milliliter of extended semen was gently pipetted over 3 mL of either 80% or 40% silinated silica-particle colloid solution for density gradient centrifugation (Equipure Bottom Layer or Top Layer, Nidacon International AB, Mölndal, Sweden) in 15-mL, conical-bottom tubes and centrifuged (200 Â g for 30 minutes) as described previously [18] . The supernatant remaining above SLC medium after gradient density centrifugation was then collected. For each sample, NSC concentration was determined using a phase microscope and 2mL were smeared on a slide to assess their presence by immunostaining (described below) and DiffQuick staining. Supernatants collected over SLC medium after centrifugation with top layer (TS) or bottom layer (BS) were then directly frozen at À80 C before being subjected to ELISA assay for MPO concentration.
The three different types of sperm-rich pellets (without treatment, and following top or bottom layer SLC centrifugation) were then processed and frozen using the same methodology. For seminal plasma purification, raw semen was centrifuged (1800 Â g for 10 min) and the resulting supernatant was filtered through 5-and 1.2-mm filters (Millipore, Billerica, MA, USA) to remove residual sperm. Seminal plasma (5%, v/v) was then added to the freezing extender (INRA Freeze, IMV). Freezing extender was added to the pellet to obtain a sperm concentration of 100 Â 10 6 spermatozoa/mL. Straws (0.5-mL, IMV) were then filled and frozen using a programmable freezer (CBS 2100, Custom Biogenic System, Shelby Township, MI, USA) with the following settings: 4 C for 75 minutes, then at À60 C/min to reach À140 C. Frozen straws were transferred to liquid nitrogen for storage [22] .
Straws were thawed for analysis for 30 seconds in a 37 C waterbath. After analysis of sperm and NSC concentration, sperm viability, sperm morphology, and sperm motion characteristics, remaining semen was centrifuged (1500 Â g for 10 min) and the supernatant was stored at À80 C for analysis by ELISA. Treatment groups were conventional post-thaw semen (PTC), post-thaw semen processed through top-layer SLC medium (PTT), and postthaw semen processed through bottom SLC medium (PTB).
Myeloperoxidase immunocytochemistry assay
We performed MPO immunostaining as previously described [15] on slides with fresh semen, the two types of gradient centrifugation supernatants (BS and TS), and the three types of thawed semen (PTC, PTT, PTB). Briefly, samples were smeared on a slide and fixed in methanol after drying. After washing in PBS (3 Â 3 min), the smears were incubated with rabbit anti-MPO antibodies, immunoglobulin G being diluted at the final concentration of 1.84 mg/mL with ChemMate Antibody Diluent (Dako Cytomation, Glostrup, Denmark) for 2 hours. Thereafter, the immunostaining was continued with the DakoCytomation LSAB2 System-HRP (DakoCytomation). Control slides were also stained, but without anti-MPO antibodies.
Myeloperoxidase ELISA
We determined MPO concentrations in the extended fresh semen, in BS and TS supernatants, in PTC, PTT, and PTB by commercial ELISA (Bioptis SA, Liège, Belgium) as described previously [9, 16] . Before analyses, the supernatants were centrifuged again (4 C, 15 min, 15,000 Â g) to discard the heavy proteins and the cellular fragments. Each sample was assayed twice and the mean value was calculated. For post-thaw semen, concentration was corrected for the dilution by multiplying the concentration by the volume of freezing extender added.
Statistical analysis
Normal distribution of data was tested with Kolmogorov-Smirnov test. Results for normally distributed data were reported as mean values AE standard deviations. Median values are reported in the case of non-normal distribution. Treatment effects were determined using one-way ANOVA (normally distributed data) or KruskallWallis (non-normally distributed data). Correlations were studied with Pearson or Spearman tests when data were normally or not normally distributed, respectively.
Results
Ejaculate volume was 47 AE 22 mL and sperm concentration was 253 AE 73 Â 10 6 spermatozoa/mL. Only two ejaculates were obtained after the first mount. Values for initial sperm viability, total motility and progressive motility were 78% AE 9%, 77% AE 18%, and 49% AE 15%, respectively. The percentage of morphologically normal spermatozoa in raw semen was influenced by the stallion (P < 0.01). Percent of normal spermatozoa were similar in fresh and PTC semen (75.2% AE 15.1% and 73.1% AE 17.7%, respectively), but increased (P < 0.01) in PTT and PTB semen (81.2% AE 13.2% and 88.5% AE 8.3%, respectively). Overall post-thaw values for sperm concentration, viability, total motility, and progressive motility were 99 AE 14 Â 10 6 spermatozoa/mL, 51% AE 9%, 42% AE 11%, and 20% AE 9%, respectively. Post-thaw progressive motility was influenced by stallion (P ¼ .005); two stallions had non-freezable semen regardless the use of SLC centrifugation or different freezing extenders. Mean NSC concentration was influenced by stallion (P < 0.05) and the gel-fraction volume (P < 0.05), but not by the number of mounting attempts. No correlation was observed between any of the raw semen quality parameters (concentration, abnormal forms, viability, or progressive and total motility) and NSC concentration in fresh semen. After cushioned centrifugation, the NSC recovery rate was higher than that of spermatozoa (P < 0.01). A positive correlation was observed between NSC concentration in fresh and in PTC semen (r ¼ 0.81; P < 0.0001), but not in thawed semen previously processed with SLC centrifugations. Effect of SLC centrifugations on NSC concentrations in thawed semen is summarized in Figure 2A .
Type of SLC media used for centrifugations did not affect the proportion of NSC types observed in SLC centrifugation supernatants or in thawed semen. In NSC, 78% (median) were epithelial cells and 21% were small cellular debris. A small proportion (<2%) of neutrophils or other round inflammatory cells were observed. Neutrophils were observed in two ejaculates of two different stallions that were clinically normal. Individual influences were observed in the proportion of epithelial cells (P < 0.001), cellular debris (P < 0.001), and round cells (P < 0.05) in NSC populations.
Immunostaining of gel-free semen showed immunofixation on NSC and no reaction with spermatozoa. Non-sperm cells were not equally stained; large cells were irregularly marked and small cellular debris was highly stained. The background medium was also positively stained with MPO-ICC, showing a brown halo. The same pattern was observed on slides of SLC centrifugation supernatants; large, nonnucleated cells or those with a pyknotic nucleus were stained, whereas spermatozoa were not. After thawing, immunofixation of large NSC could still be observed, but was more irregular. No immunostaining was observed in negative controls.
There were no individual differences in raw semen MPO concentrations. Semen collection parameters and quality traits (concentration, viability, normal forms ratio, and total and progressive motility) in fresh semen did not correlate with raw semen MPO concentration. The volume of the ejaculate tended to negatively correlate with MPO concentration in fresh semen (r ¼ À0.55; P ¼ 0.054). Myeloperoxidase concentrations in fresh and in different types of thawed semen were not correlated. Effect of SLC centrifugations on MPO concentrations in thawed semen is summarized in Figure 2B . Myeloperoxidase median concentration in TB was greater (P ¼ 0.005) than in TS. Myeloperoxidase concentration was directly correlated to NSC concentration in SLC centrifugation supernatant (r ¼ 0.47; P < 0.05) and in post-thaw semen (r ¼ 0.39; P < 0.05).
Discussion
Semen from two stallions used in this experiment did not freeze satisfactorily with the chosen freezing extender, showing no improvement of progressive motility with PTT and PTB treatments, even if percent of normal spermatozoa increased. Progressive motility for the other three stallions increased after PTT and PTB treatments compared with PTC; percent of normal spermatozoa was increased by PTB. Effect of MPO concentrations on post-thaw motility after SLC should be studied in larger scale studies.
This report confirms that MPO is present in fresh equine semen. Concentrations observed in this experiment were high when compared with other biologic fluids [14, 23] and comparable between stallions and with previously published values [15, 16] . Seminal plasma, which was only partially (5%) used for cryopreservation, seems to be rich in MPO. Dilution of the MPO with the secretions of the sexual accessory glands could explain the negative correlation observed between MPO concentration and volume of the ejaculate. Vesicular glands are the main contributors to the total volume of the ejaculate [24, 25] , suggesting that MPO is diluted by vesicular glands secretions.
Neither MPO nor NSC concentrations in fresh semen seem to interfere with quality parameters. In the present study, NSC concentration in fresh semen was influenced by stallion and gel fraction volume. This is consistent with the previously reported presence of NSC in gel fraction [15] and suggests that accessory glands could be involved in NSC release. Non-sperm cell concentration in untreated thawed semen (PTC) was directly correlated with that of fresh semen and NSC recovery rate was higher than spermatozoa recovery rate after centrifugation. This finding is easily explained by the immobility of the NSC, but also suggests that conventional freezing processing increases NSC concentration. As expected, SLC centrifugation significantly decreased somatic cells concentration and lowest NSC concentration was achieved after bottom-layer SLC centrifugation (PTB). These data agree with previous publications assessing the removal of cellular debris in horses [18] and of bacteria in human [26] . Type of SLC gradient medium (bottom vs. top) had no effect on proportions of cellular types observed. Cytologic observations in all types of samples (SLC centrifugation supernatants, fresh and thawed semen) revealed predominantly epithelial cells or cellular debris, with various degrees of keratinization and nuclear pyknosis, as described previously [15] . A stallion effect was observed on epithelial cells and cellular debris proportions, which might illustrate a difference in NSC release or degeneration between stallions. As described previously [15] , large epithelial NSC were irregularly stained MPO immunofixation and small cellular debris where highly marked, whereas no MPO immunostaining was observed on spermatozoa. To date, few data are available about the origin and characterization of NSC in the equine. In dogs, squamous epithelial cells are observed in prostatic squamous metaplasia [27, 28] and, recently, MPO has been observed in epithelial cells of human prostatic biopsies [29] . Further investigation in the equine should consider specific staining of genital tract biopsy samples to assess NSC anatomic origin.
Concentrations of MPO and NSC were correlated in SLC centrifugation supernatants and in post-thaw semen, as suggested recently [17] . Associations between MPO and NSC concentrations indicate an MPO release by these cells in semen when temperature decreases [15] . This observation explains the increase of MPO observed in all post-thaw samples, containing only 5% of seminal plasma. As described in laminitis [30] [31] [32] , MPO immunostained epithelial cells could have secondarily absorbed MPO released during a genital tract inflammation, although neutrophils could no longer be observed because they have rapidly undergone apoptosis [9] . It can be speculated that NSC undergoing cellular damage associated with freezing and thawing procedures [7, 33] could release MPO, somehow acting like sponges. Further research should focus on gaining a better understanding of the timing and localization of the incorporation of MPO in NSC.
In conclusion, our study shows that NSC are present in fresh semen and release MPO during freezing, which has been shown to be negatively associated with post-thaw semen quality. These results show that NSC observed in equine semen could be deleterious during freezingthawing processes. Larger studies combining effect of MPO and NSC on post-thaw motility should be conducted.
